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(54) COOLING METHOD OF FUEL CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stop cooling liquid of 
high conductivity from flowing into a fuel cell. 
SOLUTION: With the cooling method of the fuel cell 1 
in which heat accompanying power generation of the 
fuel cell 1 is radiated with a radiator 4 by circulation of 
cooling liquid, an ion exchanger 5 for removing ions 
existing in the cooling liquid is installed in a cooling 
liquid circulation system, by which, a part of the 
cooling liquid is circulated between the radiator 4 and 
the ion exchanger 5 to remove ions in the cooling 
liquid in the heat exchanger 5 when temperature of 
the cooling liquid is lower than predetermined, and 
the cooling liquid is circulated between the fuel cell 1 
and the heat exchanger 4 to cool down the fuel cell 1 
when temperature of the cooling liquid is bigbur than predetermined. 
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* NOTICES * 

JPO and NCZPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] In the cooling approach of the fuel cell which is made to circulate through the coolant and 
radiates heat by the 1st heat exchanger in generation of heat accompanying a generation of electrical 
energy of a fuel cell The ion-exchange machine from which the ion which exists in the coolant is 
removed is formed in a cooling-fluid-flow system. When whenever [ cooling solution temperature ] 
is lower than predetermined temperature A part of coolant is circulated between said 1 st heat 
exchanger and said ion-exchange machines, and the ion in the coolant of said 1 st heat exchanger is 
removed. When whenever [ cooling solution temperature ] is higher than said predetermined 
temperature The cooling approach of the fuel cell characterized by circulating the coolant between 
said fuel cell and said 1st heat exchanger, and cooling said fuel cell. 

[Claim 2] It is the cooling approach of the fuel cell according to claim 1 characterized by making 
heat transmit to the coolant after coming out from the coolant when whenever [ cooling solution 
temperature ] is lower than said predetermined temperature, before preparing the 2nd heat exchanger 
of a counterflow mold between said 1st heat exchanger and ion-exchange machines, and going into 
said 1 st heat exchanger from said 1 st heat exchanger. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cooling approach of the fuel cell which is made 
to circulate through the coolant and radiates heat by the heat exchanger in generation of heat 
accompanying a generation of electrical energy of a fuel cell. 
[0002] 

[Description of the Prior Art] In the fuel cell carried in a fuel cell powered vehicle etc. For example, 
the solid-state poly electrolyte film which consists of solid-state polymer ion exchange membrane 
etc. is put from both sides with an anode and a cathode. It consists of a stack constituted by carrying 
out two or more laminatings of the eel which furthermore pinched the outside with the conductive 
separator of a pair, and was formed. There are some which supply fuel gas (for example, hydrogen 
gas etc.) to the anode of each eel, and generate electricity by supplying oxidant gas (for example, air 
containing oxygen etc.) to a cathode. In this fuel cell, the solid-state polyelectrolyte film is passed, 
even a cathode moves, and the hydrogen ion generated by catalytic reaction in the anode causes and 
generates oxygen and electrochemical reaction with a cathode. 

[0003] Moreover, since it generates heat with a generation of electrical energy in this kind of fuel 
cell, the coolant was passed to the coolant path formed in the separator of each eel, the fuel cell is 
cooled, further, heat was radiated by the heat exchanger and this coolant has been cooled so that a 
fuel cell may be stored in the predetermined operating temperature range. When it has such a cooling 
system, it is necessary to control heat release not to make a fuel cell supercool at the time of a chill 
environment and low-power output operation etc. There is the approach of switching a coolant 
circuit by the thermostat bulb as a way method of the conventional heat release control according to 
temperature. By this approach, the coolant detours a heat exchanger in the low-temperature region 
below the operating temperature (henceforth thermostat operating temperature) of a thermostat bulb, 
and makes a fuel cell circulate through the coolant, and in the pyrosphere exceeding said thermostat 
operating temperature, passage is switched so that a fuel cell may be made to circulate through the 
coolant through a heat exchanger. 

[0004] Moreover, when adopting the cooling system which cools a separator directly by the coolant 
in this way, he removes the ion which must stop the conductivity of the coolant low so that a short 
circuit may not arise through the coolant, therefore exists the coolant in an ion-exchange machine 
etc. in through and the coolant, and is trying to keep the conductivity of the coolant low. 
[0005] 

[Problem(s) to be Solved by the Invention] However, while in the case of the system which switches 
a coolant circuit by the thermostat bulb mentioned above, and performs heat release control 
bypassing a heat exchanger in a low- temperature region and circulating the coolant, the conductivity 
of the coolant which the coolant is piling up in the passage which makes a heat exchanger and this 
circulate through the coolant, and ion is eluted and is piling up from the heat exchanger etc. may 
increase. Thus, when the conductivity of the coolant which piles up in a heat exchanger etc. in a low- 
temperature region increased and a coolant circuit is switched by warming-up completion, there is a 
possibility that the coolant with high conductivity which was piling up in the heat exchanger may be 
introduced into a fuel cell. 

[0006] Conventionally, it corresponded by using very few ingredients of ion elution for the 



JP,2003-123804,A [DETAILED DESCRIPTION] 



Page 2 of 7 



ingredient of circulation piping of a heat exchanger or the coolant so that it might not lapse into such 
a situation, but when it was made such, constraint will be received in a configuration, the 
manufacture approach, etc. of a heat exchanger, and enlargement of a heat exchanger, weight 
increase, a cost rise, etc. were caused. Moreover, there is also a method of coping with the interior, 
such as a heat exchanger, by performing coating etc. so that ion elution may be reduced, but if 
coating deteriorates, ion may begin to melt. Then, this invention offers the cooling approach of a fuel 
cell of making it the coolant not pile up by the heat exchanger also when whenever [ cooling solution 
temperature ] is low, and having made it the conductivity of the coolant not rise. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention 
indicated to claim 1 In the cooling approach of the fuel cell which is made to circulate through the 
coolant and radiates.heat by the 1st heat exchanger (for example, radiator 4 in the gestalt of operation 
mentioned later) in generation of heat accompanying a generation of electrical energy of a fuel cell 
(for example, fuel cell 1 in the gestalt of operation mentioned later) The ion-exchange machine (for 
example, ion-exchange machine 5 in the gestalt of operation mentioned later) from which the ion 
which exists in the coolant is removed is formed in a cooling-fluid-flow system. When whenever 
[ cooling solution temperature ] is lower than predetermined temperature A part of coolant is 
circulated between said 1 st heat exchanger and said ion-exchange machines, and the ion in the 
coolant of said 1 st heat exchanger is removed. When whenever [ cooling solution temperature ] is 
higher than said predetermined temperature It is characterized by circulating the coolant between 
said fuel cell and said 1st heat exchanger, and cooling said fuel cell. Thus, since a part of coolant is 
circulated between the 1st heat exchanger and an ion-exchange machine and the ion in the coolant of 
the 1st heat exchanger is removed by constituting when whenever [ cooling solution temperature ] is 
lower than said predetermined temperature, it is lost that the coolant piles up in the 1st heat 
exchanger, and, moreover, the ion concentration of the coolant in the 1st heat exchanger can be 
reduced. 

[0008] Invention indicated to claim 2 is set to invention according to claim 1 . Between said 1 st heat 
exchanger and ion-exchange machines The 2nd heat exchanger of a counterflow mold It is 
characterized by making heat transmit to the coolant after coming out from the coolant when 
whenever [ cooling solution temperature ] is lower than said predetermined temperature, before 
forming (for example, the heat exchanger 6 in the gestalt of operation mentioned later), and going 
into said 1 st heat exchanger from said 1 st heat exchanger. Thus, when whenever [ cooling solution 
temperature ] is lower than said predetermined temperature, even if it circulates a part of coolant 
between the 1 st heat exchanger and an ion-exchange machine by constituting, the heat release in the 
1 st heat exchanger can be stopped low. 
[0009] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of the cooling approach of 
the fuel cell concerning this invention is explained with reference to the drawing of drawing 6 from 
drawing 1 . In addition, the cooling approach of the fuel cell in the gestalt of each operation 
explained below is the mode carried out to the fuel cell carried in a fuel cell powered vehicle. 
[0010] [Gestalt of the 1st operation] First, the gestalt of implementation of the 1st of the cooling 
approach of the fuel cell concerning this invention is explained with reference to the drawing of 
drawing 3 from drawing 1 . Drawing 1 and drawing 2 are the outline block diagrams of the cooling 
system of a fuel cell carried in the fuel cell vehicle. A fuel cell 1 puts the solid-state polyelectrolyte 
film which is the fuel cell of a solid-state polyelectrolyte membrane type, for example, consists of 
solid-state polymer ion exchange membrane etc. from both sides with an anode and a cathode, and 
consists of a stack constituted by carrying out two or more laminatings of the eel which pinched the 
outside with the separator of a pair further, and was formed. In this fuel cell 1 , when the air which 
hydrogen gas is supplied to an anode and contains oxygen in a cathode is supplied, the hydrogen ion 
generated by catalytic reaction in said anode penetrates the solid-state polyelectrolyte film, and 
moves even said cathode, and with this cathode, oxygen and electrochemical reaction are caused and 
it generates electricity. In addition, in drawing 1 , illustration of the supply system of hydrogen gas 
and air and an excretory system is omitted. 

[001 1] Moreover, the coolant path is formed in said separator and the temperature of a fuel cell 1 is 
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controlled by this fuel cell 1 by passing the coolant to this coolant path and cooling a separator 
directly to the predetermined temperature requirement (about [ For example, being after warming-up 
completion of a fuel cell. / 70-80 degrees ] c). Next, the cooling-fluid-flow system in which said 
coolant flows is explained. In the cooling system of this fuel cell, the mainstream way of the coolant 
is switched by the thermostat bulb 3. Whenever [ cooling solution temperature ] at the time (this is 
called low-temperature region) of below the operating temperature (this is called thermostat 
operating temperature) of the thermostat bulb 3 When bypass a radiator (the 1 st heat exchanger) 4, a 
fuel cell 1 is made to circulate through most coolant and whenever [ cooling solution temperature ] 
exceeds thermostat operating temperature (this is called pyrosphere), after carrying out through 
cooling of most coolant at a radiator 4, the fuel cell 1 is circulated. 

[0012] Introduction and the thermostat bulb 3 are explained with reference to drawing 3 . The valve 
chest by which the thermostat bulb 3 is formed in the interior of housing 31 is divided into two 
rooms, the 1st valve chest 34 and the 2nd valve chest 35, by the dashboard 33, and free passage and 
cutoff of free passage hole 33a of the dashboard 33 which opens the 1st valve chest 34 and the 2nd 
valve chest 35 for free passage are further enabled by the valve element 37. Moreover, the thermostat 
bulb 3 contains the thermostat (not shown) which induces the temperature of the coolant which flows 
the inside of the valve chest, and drives a valve element 37. When the coolant is below thermostat 
operating temperature (i.e., when it is in a "low-temperature region") When a valve element 37 
blockades free passage hole 33a as shown in drawing 3 (A) (this condition is hereafter called close- 
by-pass-bulb-completely condition), and the coolant exceeds thermostat operating temperature (i.e., 
when it is in a "pyrosphere") As a valve element 37 shows drawing 3 (B), it estranges from free 
passage hole 33a (this condition is hereafter called full open condition). In addition, about said 
thermostat, since it is a common knowledge technique, explanation here is omitted. 
[0013] And the coolant piping 12 and 13 is connected to the 1st valve chest 34, and the coolant 
piping 19 is connected to the 2nd valve chest 35. Therefore, the coolant is in a low-temperature 
region, and when the thermostat bulb 3 is in the close-by-pass-bulb-completely condition shown in 
drawing 3 (A), the coolant which flowed into the 1st valve chest 34 flows out of the coolant piping 
12 into the coolant piping 13. At this time, the coolant piping 19 will be in the condition of having 
blockaded in the 2nd valve chest 35. On the other hand, the coolant is in a pyrosphere, and when the 
thermostat bulb 3 is in the full open condition shown in drawing 3 (B), the coolant which flowed into 
the 2nd valve chest 35 flows out of the coolant piping 19 into the coolant piping 13 through the 1st 
valve chest 34. Since a valve element 37 blockades input 12a to the 1st valve chest 34 of the coolant 
piping 12 at this time, the coolant does not flow into the 1st valve chest 34 from the coolant piping 
12. That is, the thermostat bulb 3 switches a coolant circuit by opening for free passage or 
intercepting free passage hole 33a and input 12a of the coolant piping 12 by the valve element 37. 
[0014] Next, since the temperature of the coolant of a fuel cell 1 is low, when it is not necessary to 
cool this coolant, a coolant circuit in case the coolant is in a "low-temperature region" is explained. 
As shown in drawing 1 , the coolant discharged from coolant path outlet la of a fuel cell 1 After 
being drawn in by the coolant pump 2 through the coolant piping 1 1 and carrying out the pressure up 
with the coolant pump 2, After being introduced into the thermostat bulb 3 through the coolant 
piping 12, being further introduced into coolant path inlet-port lb of a fuel cell 1 through the coolant 
piping 13 and flowing the coolant path in a fuel cell 1, it is again discharged from coolant outlet la, 
and circulates. This is the mainstream way of the coolant in a low-temperature region, and most 
coolant circulates through a fuel cell 1 through this mainstream way. 

[0015] In this low-temperature region, a part of coolant which flows the coolant piping 13 is 
introduced into the ion-exchange machine 5 through the coolant piping 14 and an orifice 15. The 
interior is filled up with ion exchange resin, and the ion-exchange machine 5 removes the ion which 
exists in the coolant, and reduces the conductivity of the coolant. Moreover, an orifice 1 5 is a 
restriction orifice which restricts the flow rate of the coolant which flows into the ion-exchange 
machine 5 to a predetermined flow rate. With the ion-exchange vessel 5, the coolant by which 
deionizer was carried out is returned to the coolant piping 1 1 through the coolant piping 16, is 
attracted by the coolant pump 2, and it circulates through it. Therefore, in a low-temperature region, 
the ion concentration of the coolant to which it circulates through a fuel cell 1 since a part of coolant 
which circulates through a fuel cell 1 always circulates the ion-exchange machine 5 and deionizer is 
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carried out can be held down to below a predetermined value, consequently the conductivity of this 
coolant is held down to below a predetermined value, and the insulating engine performance of the 
coolant within a fuel cell 1 is collateralized. 

[0016] Furthermore, in a low-temperature region, a part of coolant which flows the coolant piping 12 
is introduced into primary fluid channel 6a of a heat exchanger (the 2nd heat exchanger) 6 through 
the coolant piping 1 7, and the coolant which passed primary fluid channel 6a is supplied to a radiator 
4 through the coolant piping 1 8. This radiator 4 is an air cooled heat exchanger which takes heat 
from the coolant and is cooled by natural ventilation or the compulsive ventilation by the fan. The 
coolant which passed the radiator 4 is introduced into secondary fluid channel 6b of a heat exchanger 
6 through the coolant piping 1 9 and 20, and the coolant which passed secondary fluid channel 6b is 
returned to the coolant piping 1 1 through the coolant piping 21 and an orifice 22, is attracted by the 
coolant pump 2, and it circulates through it. However, the flow rate of the coolant which flows a 
radiator 4 is restricted to the predetermined small flow rate by the orifice 22. In addition, since the 
thermostat bulb 3 is in a close-by-pass-bulb-completely condition and free passage hole 33a of the 
thermostat bulb 3 is blockaded by the valve element 37 at this time, the coolant does not flow into 
the 1st valve chest 34 through the 2nd valve chest 35 from the coolant piping 19. A heat exchanger 6 
is a heat exchanger of the counterflow mold with which the flow direction of the coolant becomes 
the reverse sense by primary fluid channel 6a and secondary fluid channel 6b, and makes heat 
transmit between the coolant which flows primary fluid channel 6a, and the coolant which flows 
secondary fluid channel 6b. 

[0017] Thus, the following operation and effectiveness are done so by having passed a part of 
coolant to the radiator 4 at the time of a low-temperature region. If supply of the coolant to a radiator 
4 is completely suspended at the time of a low-temperature region, since the coolant will pile up 
within a radiator 4, the ion concentration of the coolant in a radiator 4 may increase with the ion 
eluted from a radiator 4, and conductivity may increase. Thus, if the ion concentration of the coolant 
in a radiator 4 is high, the coolant will change from a low-temperature region to a pyrosphere, and if 
the thermostat bulb 3 switches from a clausilium condition to a valve-opening condition, the coolant 
with high conductivity which was piling up in the radiator 4 will flow into the coolant path of a fuel 
cell 1 through the coolant piping 13, and will reduce the insulating engine performance of the 
coolant in a fuel cell 1. 

[001 8] On the other hand, like the gestalt of the 1st operation, if a part of coolant is passed to a 
radiator 4 also in a low-temperature region, it can prevent that the coolant piles up in a radiator 4, 
and can control that ion concentration rises within a radiator 4. And it can be said that a part of 
coolant [ at least ] which passed the radiator 4 circulates through the ion-exchange machine 5 since a 
part of coolant which flows a mainstream way circulates through the ion-exchange machine 5 as 
mentioned above although mixed with the coolant which the coolant which passed this radiator 4 is 
returned to the coolant piping 1 1 of the upstream of a coolant pump 2, and flows said mainstream 
way. That is, in a low-temperature region, a part of coolant would circulate between the radiator 4 
and the ion-exchange machine 5, and it will have removed the ion in the coolant of a radiator 4. 
Thereby, while being able to stop the ion concentration of the coolant in a radiator 4 low also in a 
low-temperature region, the ion concentration of the coolant which circulates through a fuel cell 1 
can be held below to a predetermined value. 

[0019] Moreover, in a heat exchanger 6, the following operation and effectiveness are done so by 
having been made to carry out heat exchange between the coolant (coolant which flows primary 
fluid channel 6a) included in a radiator 4, and the coolant (coolant which flows secondary fluid 
channel 6b) which came out of the radiator 4. Although it is radiated heat and cooled in case the 
coolant which was able to be received for which heat and warmed from the fuel cell 1 comes to be 
introduced into a radiator 4 and this coolant flows a radiator 4 when a heat exchanger 6 is not formed 
For example, it becomes low temperature considerable when carrying out low-power output 
operation under a chill environment. The result mixed with the coolant to which the coolant of the 
low temperature is returned to the upstream of a coolant pump 2, and flows said mainstream way, 
Although it is a metaphor smallness flow rate, the effect to the temperature of the coolant which 
flows a mainstream way is large, it reduces the temperature of the coolant supplied to a fuel cell 1, 
and makes a fuel cell 1 supercool, and a possibility that it may become impossible to maintain a fuel 
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cell 1 at proper temperature has it. 

[0020] on the other hand, when a heat exchanger 6 is installed The coolant which was able to be 
received for which heat and warmed from the fuel cell 1 flows to primary fluid channel 6a. From 
flowing, the cold coolant which came out of the radiator 4 secondary fluid channel 6b The 
temperature of the coolant which is transmitted to the coolant to which the heat of the coolant which 
flows primary fluid channel 6a flows secondary fluid channel 6b, consequently flows primary fluid 
channel 6a falls, the temperature of the coolant which flows secondary fluid channel 6b rises, and 
both temperature gradient becomes small. Consequently, the heat release in a radiator 4 also 
decreases. Therefore, there is very little effect which gives a mainstream way to the temperature of 
the flowing coolant even if the coolant which flows said mainstream way is mixed after a part of 
coolant passes along a radiator 4 when it has the heat exchanger 6, since temperature of the coolant 
supplied to a fuel cell 1 is not almost reduced, the supercooling of a fuel cell 1 can be prevented and 
a fuel cell 1 can be held to proper temperature. 

[0021] Next, since the temperature of the coolant of a fuel cell 1 is high, when it is necessary to cool 
this coolant, a coolant circuit in case the coolant is in a "pyrosphere" is explained. Since the 
thermostat bulb 3 will be in a full open condition as shown in drawing 2 , in this case, the coolant by 
which was discharged from coolant path outlet la of a fuel cell 1, and the pressure up was carried out 
with the coolant pump 2 The coolant which was supplied to the radiator 4 through primary fluid 
channel 6a of the coolant piping 12, the coolant piping 1 7, and a heat exchanger 6 and the coolant 
piping 1 8, and was cooled by the radiator 4 It is introduced into the thermostat bulb 3 through the 
coolant piping 19, is further introduced into coolant path inlet-port lb of a fuel cell 1 through the 
coolant piping 13, and circulates. This is the mainstream way of the coolant in a pyrosphere, and 
most coolant circulates through a fuel cell 1 through this mainstream way. In addition, in a 
pyrosphere, since the thermostat bulb 3 will be in a full open condition and input 1 2a of the coolant 
piping 12 in the thermostat bulb 3 is blockaded, the coolant does not flow into the 1st valve chest 34 
from the coolant piping 12. 

[0022] Also in this pyrosphere, a part of coolant which flows the coolant piping 13 is introduced into 
the ion-exchange machine 5 through the coolant piping 14 and an orifice 15, and the coolant by 
which deionizer was carried out with the ion-exchange vessel 5 is returned to the coolant piping 1 1 
through the coolant piping 16, is attracted by the coolant pump 2, and it circulates through it. 
Therefore, also in a pyrosphere, the ion concentration of the coolant to which it circulates through a 
fuel cell 1 since a part of coolant which circulates through a fuel cell 1 always circulates the ion- 
exchange machine 5 and deionizer is carried out can be held down to below a predetermined value, 
consequently the conductivity of this coolant is held down to below a predetermined value, and the 
insulating engine performance of the coolant within a fuel cell 1 is collateralized. 
[0023] Moreover, although a part of coolant which passed the radiator 4 is introduced into secondary 
fluid channel 6b of a heat exchanger 6 through the coolant piping 20 and it is further returned to the 
coolant piping 1 1 through the coolant piping 21 and an orifice 22 in this pyrosphere Since the flow 
rate is restricted by the orifice 22, as compared with the flow rate of the coolant which flows said 
mainstream way, it is small, the heat loss in a heat exchanger 6 is also small, and there is almost no 
effect of the cooling engine performance on a radiator 4. 

[0024] Thus, even if whenever [ cooling solution temperature ] changes from a low-temperature 
region to a pyrosphere, the thermostat bulb 3 switches from a close-by-pass-bulb-completely 
condition to a full open condition and the passage of the coolant switches from the coolant circuit of 
a low-temperature region to the coolant circuit of a pyrosphere in an instant A fuel cell 1 can be 
made to circulate through the coolant with low (that is, for conductivity to be low) ion concentration 
from from, since the ion concentration of the coolant in a radiator 4 is beforehand stopped low at the 
time of a low-temperature region immediately after switching to the coolant circuit of a pyrosphere. 
Therefore, according to the cooling approach of the fuel cell in the gestalt of the 1st operation, in all 
the temperature regions of the coolant, the insulating engine performance of the coolant in a fuel cell 
1 can always be maintained in tolerance, and the supercooling of a fuel cell 1 can be prevented, and a 
fuel cell 1 can be controlled to proper temperature. 

[0025] [Gestalt of the 2nd operation] Next, the gestalt of implementation of the 2nd of the cooling 
approach of the fuel cell concerning this invention is explained with reference to the drawing of 
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drawing 4 and drawing 5 . Drawing 4 and drawing 5 are the outline block diagrams of the cooling 
system of the fuel cell in the gestalt of the 2nd operation. The point which is the cooling structure of 
a system of the fuel cell in the gestalt of the 2nd operation, and was mentioned above and which is 
different from the thing of the gestalt of the 1 st operation is as follows. 

[0026] With the gestalt of the 2nd operation, the ion-exchange machine 5 is installed between 
[ instead of between the coolant piping 1 1 and the coolant piping 13 ] the coolant piping 1 1 and the 
coolant piping 19. If it explains in full detail, immediately, the coolant piping 24 of the thermostat 
bulb 3 which equipped the upstream coolant piping 19 with the orifice 23 on the way is connected, 
and the coolant piping 24 is connected to the ion-exchange machine 5. Furthermore, the ion- 
exchange machine 5 is connected to the secondary fluid channel 6b inlet port of a heat exchanger 6 
through the coolant piping 25, and the secondary fluid channel 6b outlet is connected to the coolant 
piping 1 1 through the coolant piping 2 1 . Since it is the same as the thing of the gestalt of the 1 st 
operation about other configurations, the same sign is given to the same mode part, and explanation 
is omitted. 

[0027] The flow of the coolant in the gestalt of this 2nd operation is explained. The flow of the 
coolant in case whenever [ introduction and cooling solution temperature ] is in a low-temperature 
region is explained with reference to drawing 4 . About the mainstream way of the coolant at this 
time, it is the same as the case of the gestalt of the 1 st operation, and the coolant circulates through a 
fuel cell 1 through coolant path inlet-port lb of the coolant path outlet la-> coolant piping 1 1 -> 
coolant-pump 2 -> coolant piping 1 2 -> thermostat bulb 3 -> coolant piping 1 3 -> fuel cell 1 of a fuel 
cell 1 . 

[0028] And a part of coolant which flows the coolant piping 12 at this time is introduced into 
primary fluid channel 6a of a heat exchanger 6 through the coolant piping 1 7, and the coolant which 
passed primary fluid channel 6a is supplied to a radiator 4 through the coolant piping 18. The coolant 
which passed the radiator 4 is introduced into the ion-exchange machine 5 through the coolant piping 
19, an orifice 23, and the coolant piping 24, and the coolant by which deionizer was carried out in 
the ion-exchange machine 5 is introduced into secondary fluid channel 6b of a heat exchanger 6 
through the coolant piping 25, and the coolant which passed secondary fluid channel 6b is returned 
to the coolant piping 1 1 through the coolant piping 21, is attracted by the coolant pump 2, and it 
circulates through it. That is, with the gestalt of this 2nd operation, series connection of the 
secondary fluid channel 6b of the ion-exchange machine 5 and a heat exchanger 6 is carried out, and 
after the same coolant passes the ion-exchange machine 5, it flows to secondary fluid channel 6b. 
[0029] Also in the gestalt of this 2nd operation, since a part of coolant flows to a radiator 4 in a low- 
temperature region, it can prevent that the coolant piles up within a radiator 4, and the rise of the ion 
concentration within a radiator 4 can be controlled. Moreover, since the ion-exchange machine 5 is 
made to circulate through the coolant which passed the radiator 4, the ion in the coolant of a radiator 
4 is removable. Therefore, also in a low-temperature region, while being able to stop the ion 
concentration of the coolant in a radiator 4 low, the ion concentration of the coolant which circulates 
through a fuel cell 1 can be held below to a predetermined value. 

[0030] Moreover, also in the gestalt of this 2nd operation, in a heat exchanger 6, since heat exchange 
is performed between the coolant warm in comparison introduced into a radiator 4, and the cold 
coolant which came out of the radiator 4 and both temperature gradient can be made small, heat 
release in a radiator 4 can be lessened. Therefore, even if the coolant which passed the radiator 4 and 
the heat exchanger 6 is mixed by the coolant which flows a mainstream way, it can avoid reducing 
most temperature of the coolant supplied to a fuel cell 1, the supercooling of a fuel cell 1 can be 
prevented, and a fuel cell 1 can be held to proper temperature. 

[003 1 ] Next, the flow of the coolant in case whenever [ cooling solution temperature ] is in a 
pyrosphere is explained with reference to drawing 5 . About the mainstream way of the coolant at 
this time, it is the same as the case of the gestalt of the 1st operation, and the coolant circulates 
through a fuel cell 1 through coolant path inlet-port lb [ of the coolant path outlet la-> coolant-pump 
2 -> coolant piping 12 -> coolant piping 17 -> heat exchanger 6 ] of the 1 order fluid channel 6a-> 
coolant piping 18 -> radiator 4 -> coolant piping 19 -> thermostat bulb 3 -> coolant piping 13 -> fuel 
cell 1 of a fuel cell 1. 

[0032] And a part of coolant which flows the coolant piping 19 is introduced into the ion-exchange 
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machine 5 through an orifice 23 and the coolant piping 24 also at this time. The coolant by which 
deionizer was carried out in the ion-exchange machine 5 is introduced into secondary fluid channel 
6b of a heat exchanger 6 through the coolant piping 25, and the coolant which passed secondary fluid 
channel 6b is returned to the coolant piping 1 1 through the coolant piping 21, is attracted by the 
coolant pump 2, and it circulates through it. Therefore, also in a pyrosphere, the ion-exchange 
machine 5 is circulated, and since deionizer of a part of coolant which circulates through a fuel cell 1 
is carried out, it can always hold down the ion concentration of the coolant which circulates through 
a fuel cell 1 to below a predetermined value. 

[0033] Therefore, also in the gestalt of this 2nd operation, whenever [ cooling solution temperature ] 
changes from a low-temperature region to a pyrosphere. Even if the thermostat bulb 3 switches from 
a close-by-pass-bulb-completely condition to a full open condition and the passage of the coolant 
switches from the coolant circuit of a low-temperature region to the coolant circuit of a pyrosphere in 
an instant A fuel cell 1 can be made to circulate through the coolant with low (that is, for 
conductivity to be low) ion concentration from from, since the ion concentration of the coolant in a 
radiator 4 is beforehand stopped low at the time of a low-temperature region immediately after 
switching to the coolant circuit of a pyrosphere. 

[0034] In addition, in the gestalt of the 2nd operation, since series connection of the secondary fluid 
channel 6b of the ion-exchange machine 5 and a heat exchanger 6 is carried out If the amount of the 
coolant through which it circulates, without passing along a fuel cell 1 among the coolant cooled by 
the radiator 4 can be decreased compared with the case of the gestalt of the 1 st operation and it puts 
in another way when the coolant is in a pyrosphere The amount of the coolant through which it 
circulates to a fuel cell 1 among the coolant cooled by the radiator 4 can be increased, consequently 
the refrigeration capacity to a fuel cell 1 can be raised. 

[0035] As mentioned above, according to the cooling approach of the fuel cell in the gestalt of the 
2nd operation, in all the temperature regions of the coolant, the insulating engine performance of the 
coolant in a fuel cell 1 can always be maintained in tolerance, and the supercooling of a fuel cell 1 
can be prevented, and a fuel cell 1 can be controlled to proper temperature. 

[0036] Gestalt] of operation of others [ [ ] In addition, this invention is not restricted to the gestalt of 
operation mentioned above. For example, as there is especially no limitation in the structure of a heat 
exchanger 6 and it is shown in drawing 6 , you may be the thing of the double pipe structure which 
has arranged secondary fluid channel 6b inside primary fluid channel 6a. Moreover, the switch 
means of the coolant circuit in a low-temperature region and the coolant circuit in a pyrosphere can 
also be constituted by the bulb by which does not restrict to a thermostat bulb and closing motion 
control is carried out according to the detection result of a temperature sensor and this temperature 
sensor. 
[0037] 

[Effect of the Invention] Since according to invention indicated to claim 1 a part of coolant is 
circulated between the 1 st heat exchanger and an ion-exchange machine and the ion in the coolant of 
the 1 st heat exchanger is removed when whenever [ cooling solution temperature ] is lower than 
predetermined temperature so that it may explain above It is lost that the coolant piles up in the 1st 
heat exchanger, and, moreover, the ion concentration of the coolant in the 1st heat exchanger can be 
reduced. Consequently, it can prevent that the coolant of high ion concentration is introduced into a 
fuel cell, the insulating engine performance of the coolant within a fuel cell can be maintained good, 
and the outstanding effectiveness that a fuel cell can be maintained at the condition of having been 
stabilized electrically is done so. 

[0038] Since according to invention indicated to claim 2 the heat release in the 1st heat exchanger 
can be low stopped even if it circulates a part of coolant between the 1st heat exchanger and an ion- 
exchange machine, when whenever [ cooling solution temperature ] is lower than said predetermined 
temperature, the temperature fall of the coolant is controlled, the supercooling of a fuel cell is 
prevented, and the outstanding effectiveness that a fuel cell can be held to proper temperature is done 
so. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a system configuration Fig. in the gestalt of the operation of the 1st of a fuel cell 
system which can enforce the cooling approach of the fuel cell concerning this invention, and is 
drawing showing the flow of the coolant in a low-temperature region. 

[Drawing 2] It is a system configuration Fig. in the gestalt of said 1st operation, and is drawing 
showing the flow of the coolant in a pyrosphere. 

[Drawing 3] It is drawing for explaining actuation of the thermostat bulb used in the gestalt of said 
1st operation. 

[Drawing 4] It is a system configuration Fig. in the gestalt of the operation of the 2nd of a fuel cell 
system which can enforce the cooling approach of the fuel cell concerning this invention, and is 
drawing showing the flow of the coolant in a low-temperature region. 

[Drawing 5] It is a system configuration Fig. in the gestalt of said 2nd operation, and is drawing 
showing the flow of the coolant in a pyrosphere. 

[Drawing 6] It is drawing showing the example of structure of the 2nd heat exchanger 6. 
[Description of Notations] 
1 Fuel Cell 

4 Radiator (1st Heat Exchanger) 

5 Ion-Exchange Machine 

6 Heat Exchanger (2nd Heat Exchanger) 
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